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Date: November 4, 2003 



Declaration 



l Michihiko Matsuba, President ofFukuyama Sangyo Honyaku Center, Ltd, of 16- 
3, 2-chome, Nogamhcho, Fukuyama, Japan, do solemnly and sincerely declare that 
I understand well both the Japanese and English languages and that the attached 
document in English is a full and faithful translation, of the copy of Japanese 
Unexamined Patent No. Sho-61 -1 51 19 laid open on January 23, 1986. 




Michihiko Matsuba 



LASER PRINTER 

Japanese Unexamined Patent No. Sho-61-15119 
Laid-open on: January 23, 1986 
Application No. Sho-59-137008 
Filed on: July 2, 1984 
Inventor: Muneki Ran 

Hidehito Iwaoka 
Applicant: Yokogawa Hokushin Denki Co., Ltd. 

SPECIFICATION 

1. TITLE OF THE INVENTION 
Laser Printer 

2. WHAT IS CLAIMED IS; 

(1) A laser printer constructed to simultaneously scan on 
a photo-sensitive body with a plurality of light beams, 
comprising a light synthesizing device for reflecting or 
transmitting incident light beams in response to the 
orientations of the polarization planes and synthesizing a 
plurality of light beams into a unidirectional light beam whose 
optical axes are adjacent to each other; and a polygon mirror 
for reflecting a light beam synthesized by the light 



sensitive body, wherein an interval of a laser beam spot 
obtained on said photosensitive body is adjusted by varying 
the angle of said light synthesizing device. 
(2) A laser printer constructed to simultaneously scan on a 
photosensitive body with a plurality of light beams, comprising 
a light synthesizing device for reflecting or transmitting 
incident light beams in response to the orientations of the 
polarization planes and synthesizing a plurality of light beams 
into a unidirectional light beam whose optical axes are 
adjacent to each other; a polygon mirror for reflecting a light 
beam synthesized by the light synthesizing device and 
projecting the same onto a photo-sensitive body; an actuator 
for adjusting the angle of said light synthesizing device; a 
spot position detector, which is disposed at a part of a 
scanning range in the light beam scanning on said 
photosensitive body, for detecting the interval of a laser beam 
spot obtained on the photosensitive body; and a servo circuit 
for adjusting the angle of said light synthesizing device via 
said actuator so that, upon receiving an output of said spot 
position detector, the interval of the laser beam spot is 
maintained to be fixed. 

3. DETAILED DESCRIPTION OF THE INVENTION 
[Field of the Invention] 
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The present invention relates to a laser printer that causes 
a light beam spot emitted from a laser light source to be 
horizontally scanned and displays and records an image to be 
recorded, in terms of aggregates of dots (pixels) . 
[Prior Arts] 

Conventionally, in such a laser printer, it is common that 
scanning is carried out on a photosensitive body with a single 
light beam. However, a multi-beam type laser printer in which 
a plurality of light beams are used for simultaneous scanning 
has been in practice in order to make the recording speed 
faster. 

Fig. 2 is a conf igurational view showing an example of a 
prior art multi-beam type laser printer. The laser printer 
shown in the drawing is composed so that four light beams are 
used for scanning at one time. That is, a light beam emitted 
from a laser light source 1 such as an He-Ne laser is split 
into four beams having equal brightness by means of mirrors 
2^, 2^ and 2^ and beam splitters 3^^, 3^ and and are introduced 
to modulators 5^ through 5^ via convergence lenses 4^ through 
4^. The modulators 5^ through 5^ control ON and OFF of the light 
beam in response to image information to be recorded. The light 
beam passing through the modulators 5^ through 5^ is reflected 
by the polygon mirror 6, is projected onto a photosensitive 
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drum 8 via a light path adjusting portion 1 , and horizontally 
scans on the photosensitive drum 8 as a laser beam sport (main 
scanning) . Also, the photosensitive drum 8 rotates in the 
direction orthogonal to the horizontal scanning direction of 
the laser beam spot (this is called ^^subscanning'') , wherein 
an electrostatic latent image is formed on the photosensitive 
drum 8 in terms of aggregates of dots in response to the image 
information. The electrostatic latent image can be obtained 
as a recorded image on a recording sheet through a developing 
process and a transfer process, which are not illustrated. 

Herein, the interval of the laser beam spot obtained on the 
photosensitive drum 8 is determined in response to the 
resolution power of an image, and the optical system including 
the modulators 5^ through 5^ is positioned so that the laser 
beam spots are at prescribed intervals and are arranged 
vertically with respect to the main scanning direction. 
[Problems to be Solved by the Invention] 

However, in order to accurately project a plurality of light 
beams having optical axes differing from each other onto the 
photosensitive drum 8 as shown in the drawing, it is necessary 
to secure high accuracy in positioning of the modulators 5^ 
through 5^. Also, in a case where the positional adjustment 
thereof is carried out by mechanical processing, very high 



machining accuracy is required as in the above. 

Further, where there is a difference in the incident angles 
of respective light beams with respect to the polygon mirror 
6, the scanning lines of laser beam spots projected onto the 
photosensitive drum 8 do not become uniformly rectilinear, 
wherein non-rectilinear errors occur. The illustrated 
apparatus is constructed so that the non-rectilinear errors 
are lightened by reducing a difference in the incident angles 
between the light beams. However, where the light path is 
shortened in order to make the apparatus smaller, it becomes 
impossible that the non-rectilinear errors are reduced by 
making adjacent the respective light beams to each other since 
there is a limit to downsizing of the modulators 5, through 

It is therefore an object of the invention to provide a laser 
printer that can eliminate the above-described problems and 
shortcomings of such a prior art laser printer^ as described 
above, is capable of causing a plurality of laser beam spots 
to be scanned at a fixed interval without increasing a 
non-rectilinear error of the scanning lines where the light 
path is made short and has a simplified structure. 
[Means for Solving Problems] 



synthesizes a plurality of light beams emitted from 
respectively independent laser light sources by using a light 
synthesizing device such as' a polarization prism, and making 
the light beams incident into polygon mirrors after the optical 
axes of the respective light beams are make adjacent almost 
to the interval of the laser beam spots projected on a 
photosensitive drum. 

Also, the laser printer according to the invention is capable 
of optionally adjusting the intervals of the laser beam spots 
by varying the angle of the above-described polarization prism. 
[Action] 

Thus, if a plurality of light beams are synthesized by using 
a light synthesizing device such as a polarization prism, it 
is possible to make adjacent the optical axes of the respective 
light beams almost to the interval of the laser beam spot on 
the photosensitive drum, wherein it becomes possible to make 
small the non-rectilinear errors on the scanning lines. In 
addition, since the interval of the laser beam spots can be 
adjusted by only varying the angle of the polarization prism, 
a simplified structure can be brought about, and further higher 



a laser printer according to the invention. In the same drawing, 
parts that are identical to those in Fig. 2 described above 
are given the same reference numbers. Reference numbers 1^ and 
I2 denote laser light sources like a semiconductor laser. 
Reference number 9 denotes a polarization prism. A light beam 
Bl emitted from the laser light source 1^ is made incident into 
the polarization prism 9 after being converged to a prescribed 
light flux by a convergence lens 4^. On the other hand, the 
light beam B2 emitted from the laser light source 1^ is made 
incident into the polarization prism 9 after being converged 
to a prescribed light flux by a convergence lens 4^. Herein, 
the polarization prism 9 carries out reflection or transmission 
in response to the orientation of the polarization plane in 
the incident light beam. In this case, where it is assumed that 
the orientation of the polarization plane in the light beam 
81 is an orientation for transmission through the polarization 
prism 9, and the orientation of the polarization plane in the 
light beam B2 is an orientation for reflection by the 
polarization prism 9, the two light beams Bl and B2 are 
synthesized by the polarization prism 9, and the optical axes 
thereof can be optionally make adjacent to each other. In 
addition, at this time, it is not necessarily required that 
the orientations of the polarization plane in the light beams 
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Bl and B2 are coincident with the orientation of reflection 
or transmission of the polarization prism 9, wherein it is 
sufficient that components of the orientations are included. 
Also, if the polarization prism 9 is used for synthesization 
of the light beams Bl and B2, the light beams can be synthesized 
without losing the power of the light beams Bl and B2, wherein 
a highly efficient apparatus can be brought about. 

Thus, the synthesized light beams Bl and b2 are reflected 
by the polygon mirror 6 and are projected onto the 
photosensitive drum 8 via an imaging lens or fG lens 10. At 
this time, the optical axes of the two light beams Bl and B2 
synthesized by the polarization prism 9 are made adjacent to 
each other almost at the interval of the prescribed laser beam 
spot, and the laser beam spots are arranged vertically with 
respect to the main scanning direction. In addition, the 
interval of the two laser beam spots obtained on the 
photosensitive drum 8 can be controlled by the angle of the 
polarization prism 9. 

An actuator 11 is composed of, for example, a galvanometer, 
etc. , and adjusts the angle of the polarization prism 9. A spot 
position detector 12 is disposed at a part of a scanning range 
of the laser beam spots and detects the interval of the laser 
beam spots. A servo circuit 13 drives the actuator 11 in 
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response to an output of the spot position detector 12 and 
maintains the interval of the laser beam spots at a prescribed 
value. The spot position detector 12 is composed of, for example, 
a CCD line sensor and a photo-diode array, etc., and detects 
the interval of the two laser beam spots at all times or from 
time to time, for example, when the printer is started. 

Therefore, where the reflection angle of the polarization 
prism 9 slightly changes due to a change in the ambient 
temperature or aging, the interval of the laser beam spots 
changes and the image quality is directly influenced. However, 
since the interval of the laser beam spots is detected by the 
spot position detector 12 and the angle of the polarization 
prism 9 is adjusted by means of the servo circuit 13 and actuator 
11, it is possible to maintain the interval of the laser beam 
spots at a fixed value. 

Furthermore, in the above description, a case is illustrated 
and described, where two light beams are synthesized by the 
polarization prism. However, the number of light beams to be 
synthesized is not limited to two. Also, the array of laser 
beam spots projected on the photosensitive drum is not limited 
to a case where the laser beam spots are arranged vertically 
with respect to the main scanning direction, wherein as long 



can be chosen. In this case, it is possible to monitor the state 
of array of the laser beam spots by the spot position detector, 
wherein the laser light sources can be controlled based thereon . 
Further, although the polarization prism is illustrated and 
described as a light synthesizing device for synthesizing light 
beams, the synthesizing means is not limited to the 
polarization prism, wherein any type may be employed as long 
as it is capable of reflecting or transmitting an incident light 
beam in response to the orientation of the polarization plane 
and synthesizing a plurality of light beams into a 
unidirectional light beam in which the optical axes thereof 
are made adjacent to each other. 
[Effects of the Invention] 

As described above, since a laser printer according to' the 
invention synthesizes a plurality of light beams emitted from 
respectively independent laser light sources by using a light 
synthesizing device such as a polarization prism, making the 
respective optical axes adjacent to each other almost in the 
interval of laser beam spots projected onto the photosensitive 
drum, and making the same incident into polygon mirrors, it 
is possible to reduce the non-rectilinear errors in the 
scanning lines, and at the same time, it is possible to adjust 



of the polarization prism. Therefore, even in a case where the 
light path is shortened, a plurality of laser beam spots are 
caused to be scanned at a fixed interval without increasing 
any non-rectilinear error in the scanning lines. Accordingly, 
such a laser printer can be brought about with a simplified 
structure. 

4. BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a conf igurational view showing one example of a 
laser printer according to the present invention, and Fig. 2 
is a conf igurational view showing one example of a prior art 
multi-beam type laser printer. 

1^ through I3 .... Laser light sources 

2^, 1^ Mirrors 

3^ through .... Beam splitters 

4^ through 4^ .... Convergence lenses 

5^ through 5^ .... Modulators 

6 .... Polygon mirror 

7 .... Light path adjusting portion 

8 .... Photosensitive drum 

9 .... Polarization prism 

10 ... Imaging lens 



12 ... Spot position detector 

13 ... Servo circuit 
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Fig.1 




